Fabrication of perpendicular magnetic recording tape media with a data capacity of over-50TB using Si/NiFe/FeCoB soft magnetic underlayers  by Gomi, S. et al.
Available online at www.sciencedirect.com
Physics Procedia 16 (2011) 63–67
doi:10.1016/j.phpro.2011.06.109
The 9th Perpendicular Magnetic Recording Conference 
Fabrication of perpendicular magnetic recording tape media with a 
data capacity of over-50TB using Si/NiFe/FeCoB soft magnetic 
underlayers 
S. Gomia,*, Y. Mashikoa, K. Hirataa, S. Matsunumab,T. Inoueb, T. Doib, 
T. Watanabeb, and S. Nakagawaa 
aTokyo Institute of Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo 152-8577, Japan 
bHitachi Maxell, 1-1-88 Ushitora, Ibaragi-shi, Osaka 567-8567, Japan 
 
Abstract 
C-axis orientations of Ru intermediate layer (IML) and CoPtCr-SiO2 recording layer (RL) are attained by using crystalline 
FeCoB soft magnetic underlayer (SUL). Better (110) orientation of FeCo improves not only (001) orientation of Ru IML but also 
that of CoPtCr RL. This leads better perpendicular magnetic anisotropy in the RL suitable for perpendicular magnetic recording 
media. In order to control the (110) orientation in FeCoB layer, various seed layers are prepared beneath the FeCoB layers. Ru 
and Si/NiFe seed layers gives FeCoB layer a large in-plane magnetic anisotropy that is effective to suppress spike noise from 
SUL. The laminated FeCoB SUL causes more improvement of Ru (001) texure and leads to better perpendicular magnetic 
anisotropy of RL. Ru/CoPtCr-SiO2 bilayer deposited on laminated FeCoB SUL on Aramid tape substrate has good perpendicular 
magnetic properties and reduces the noise from SUL. 
PACS: Type pacs here, separated by semicolons ;  
Keywords: perpendicular magnetic recording tape, CoPtCr-SiO2, Ru, laminated FeCoB soft magnetic underlayer 
1. Introduction 
Recently huge amount of information increases dramatically and most of information is only archival and seldom to be accessed. 
Although hard disc drive has high recording density and rapid access speed, it does not meet the purpose of data archival usage. 
Tape recording media is considered to be a most effective solution to satisfy the data archival requirement. Longitudinal 
magnetic recording system has been still main stream for tape media. In order to achieve higher recording density, perpendicular 
magnetic recording system has been required for tape media. Especially CoPtCr-based alloy recording media has been widely 
used [1]. In the current use of Co alloy based granular type perpendicular recording media, a kind of seed layer, such as Pt, 
sputtered at high temperature or coated with thin film is needed to get (001) orientation of the Ru intermediate layer. However 
tape substrates have weak point against heat damage. We have found that crystalline FeCoB SUL has a capability to attain (001) 
alignment of Ru layer deposited on it at room temperature [2]. However this mono-layered FeCoB SUL was not so effective to 
attain Ru(001) orientation on Aramid tape substrates. In this study, we fabricated crystalline double layered FeCoB SULs using 
Facing Targets Sputtering (FTS) System that gives low damage to substrates.  
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2. Experimental Procedures 
Specimen films were deposited on glass or Aramid tape substrates in a facing targets sputtering system designed for multyilayer 
depositions. The basic layer structures are substrate (glass or Aramid tape)/Si/NiFe/FeCoB/Ru/CoPtCr-SiO2 and 
substrate/Si/NiFe/FeCoB/Si/NiFe/FeCoB/-Ru/CoPtCr-SiO2. Background pressure was 1.2×10-6 Torr. The Ar gas pressure of Si, 
NiFe and FeCoB was 1.0 mTorr and those of Ru and CoPrCr-SiO2 were 6.0 mTorr and 26 mTorr, respectively. Compositions of 
the targets were Fe67.2Co28.8B4 and Co74Pt16Cr10-SiO2(8 mol%). Magnetic properties were measured by using vibrating sample 
magnetometer (VSM) for whole films and a polar Kerr hysteresis loop tracer for recording layer. Crystalline orientations were 
observed by X-ray diffractometer (XRD) with Cu-Kα line. Read and write performance is measured by tester of drum type. 
 
3. Results and Discussion 
3.1.1 Fabrication of Ru/CoPtCr-SiO2 with single soft magnetic underlayer on glass substrate 
 Fig.1 and Fig.2 show the XRD diagrams and M-H loops of (a) Ru(30 nm)/CoPtCr-SiO2(30 nm) and (b) FeCoB(50 nm)/Ru(30 
nm)/CoPtCr-SiO2(30 nm), (c) Ru(5 nm)/FeCoB(50 nm)/Ru(30 nm)/CoPtCr-SiO2(30 nm) and (d) Si(2 nm)/NiFe(10 
nm)/FeCoB(50 nm)/Ru(30 nm)/CoPtCr-SiO2(30 nm) thin films, respectively. The films without FeCoB SUL have random 
orientation, which indicates longitudinal magnetic properties as shown in Fig.2(a). On the other hand, the films with FeCoB SUL 
have preferential orientation of Ru(001). This indicates that bcc-FeCo(110) texture improves Ru(001) one since the misfit of 
lattice distance between bcc-FeCo(110) and hcp-Ru(001) is about  9 % in a local region of crystalline texture, though the 
crystalline symmetry of the two crystalline plane are different each other as predicted by Nishiyama-Wasserman or by 
Kurdjumov-Sachs [3] . Furthermore this leads to the perpendicular magnetic anisotropy of the recording layer as shown in Fig.2 
(b). It is conceivable that improvement of FeCo(110) orientation enhances (001) orientation of Ru in intermediate layer. In order 
to attain more improvement of (110) orientation of FeCo, two seed layers, Ru seed layer and Si/NiFe seed layer, were prepared 
under the FeCoB layer. These seed layers induces FeCoB layers a high anisotropy field [4], which is effective for reduction of 
media noise originated from SUL [5]. FeCoB SUL with Si/NiFe seed layer has better (001) orientation of Ru IML than that with 
Ru seed layer as shown in Fig.1(d). fcc-NiFe(111) texture in Si/NiFe seed layer enhanced bcc-FeCo(110) orientation than Ru 
(001) texture in Ru seed layer because Ru single film has random orientation as shown in Fig.1. Consequently, improvement of 
(110) orientation of FeCo leads to perpendicular magnetic properties as shown in Fig.2(c) and (d).  
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Fig.1  XRD diagrams of (a)FeCoB(50 nm)/Ru(30 
nm)/CoPtCr-SiO2(30 nm), (b)Ru(30 nm)/CoPtCr-SiO2(30 
nm),(c)Ru(5 nm)/FeCoB(50 nm)/Ru(30 nm)/CoPtCr-
SiO2(30 nm) and (d)Si(2 nm)/NiFe(10 nm)/FeCoB(50 
nm)/Ru(30 nm)/CoPtCr-SiO2(30 nm) films. 
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3.1.2 Fabrication of Ru/CoPtCr-SiO2 with laminated soft magnetic underlayer on glass substrate 
In order to investigate the effect of laminated SUL, Ru/CoPtCr-SiO2 films were fabricated on laminated FeCoB SUL with 
Si/NiFe seed layer. Fig.3 shows the XRD diagrams of (d) Si(2 nm)/NiFe(10 nm)/FeCoB(50 nm)/Ru(30 nm)/CoPtCr-SiO2(30 nm) 
and (e) Si(2 nm)/NiFe(10 nm)/FeCoB(25 nm)/Si(5 nm)/NiFe(5 nm)/FeCoB(25 nm)/Ru(30 nm)/CoPtCr-SiO2(30 nm) films. The 
intensities of Ru(002) and CoPtCr(002) diffractions of the film with laminated FeCoB SUL were 5 times larger than those with 
single FeCoB SUL. Such an improvement of crystallographic texture leads to magnetization characteristics of the RL as shown in 
Fig.4. Squareness ratio in perpendicular direction is improved to 0.88 by using laminated FeCoB SUL, while the squareness ratio 
of the film with single FeCoB SUL was 0.77. In-plane coercivity of the RL decreases also. In order to reduce and optimize total 
film thickness, FeCoB film thickness should be reduced. Fig.5 shows the change of coercivity and squareness ratio in 
perpendicular direction of Ru/CoPtCr-SiO2 films deposited on a single and a laminated FeCoB SUL as a function of total 
thickness of FeCoB layerts. Compared with single FeCoB SUL, all of squareness ratios of the films with laminated SUL are 
larger than that with single FeCoB layer. Furthermore, squareness ratios keep almost constant value in spite of reduction of 
FeCoB film thickness. It is indicated that FeCoB film thickness doesn’t affect squareness ratio and SUL with very small noise 
can be fabricated by using thinner FeCoB films. Fig.6 shows the changes of Δθ50 of Ru(002) and CoPtCr(002) diffractions in Si(2 
nm)/NiFe(10 nm)/FeCoB(x nm)/Ru(30 nm)/CoPtCr-SiO2(30 nm) thin films and Si(2 nm)/NiFe(10 nm)/FeCoB(x nm)/Si(5 
nm)/NiFe(5 nm)/FeCoB(x nm)/Ru(30 nm)/CoPtCr-SiO2(30 nm) thin films as a function of the thickness of FeCoB SUL. 
Laminated FeCoB SUL improves the Ru (001) and CoPtCr(001) alignment at various FeCoB film thickness and it may lead to 
higher squareness ratio of recording layer. 
 
 
 
 
 
 
 
Fig.2  M-H loops of (a)FeCoB(50 nm)/Ru(30 nm)/CoPtCr-SiO2(30 nm),(b) Ru(30 nm)/CoPtCr-SiO2(30 nm),(c)Ru(5 
nm)/FeCoB(50 nm)/Ru(30 nm)/CoPtCr-SiO2(30 nm) and (d)Si(2 nm)/NiFe(10 nm)/FeCoB(50 nm)/Ru(30 nm)/CoPtCr-
SiO2(30 nm) films. 
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3.2.2 Fabrication of Ru/CoPtCr-SiO2 with laminated soft magnetic underlayer on Aramid tape substrate 
 Fig.7 shows Kerr hysteresis loops of the Si(2 nm)/NiFe(10 nm)/FeCoB(50 nm)/Ru(30 nm)/CoPtCr-SiO2(30 nm)/C(5 nm), i.e. a 
medium with single FeCoB layer, and Si(2 nm)/NiFe(10 nm)/FeCoB(25 nm)/ Si(5 nm)/NiFe(5 nm)/FeCoB(25 nm)/Ru(30 
nm)/CoPtCr-SiO2(30 nm)/C(5 nm) thin film, i.e. a medium with laminated SUL, fabricated on Aramid tape substrates at room 
temperature. Both loops of thin films with single and laminated FeCoB SULs indicate fairly good magnetization characteristics 
along the perpendicular direction which indicate the squareness ratios of 0.64 and 0.77, respectively. These results indicate the 
capability of perpendicular magnetic recording media on flexible tape substrate at room temperature. Fig.8 shows Noise spectra 
of a medium with single FeCoB layer and a medium with laminated SUL, as described above. The noise appeared in the low 
frequency region for the film with a single FeCoB SUL was reduced by using laminated FeCoB SUL. Since such a noise 
Fig.3 XRD diagrams of Si(2 nm)/NiFe(10 
nm)/FeCoB(50 nm)/Ru(30 nm)/CoPtCr-SiO2 (30 nm) 
films and Si(2 nm)/NiFe(10 nm)/FeCoB(25 nm)/ Si(5 
nm)/NiFe(5 nm)/FeCoB(25 nm)/Ru(30 nm)/CoPtCr-
SiO2 (30 nm) films. 
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Fig.4 M-H loop of (e) Si(2 nm)/NiFe(10 
nm)/FeCoB(25 nm)/ Si(5 nm)/NiFe(5 
nm)/FeCoB(25 nm)/Ru(30 nm)/CoPtCr-
SiO2 (30 nm) films. 
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Fig.5 Coercivity and squareness ratio of Si(2 nm)/NiFe(10 
nm)/FeCoB(x nm)/Ru(30 nm)/CoPtCr-SiO2 (30 nm) films 
and Si(2 nm)/NiFe(10 nm)/FeCoB(x nm)/ Si(5 nm)/NiFe(5 
nm)/FeCoB(x nm)/Ru(30 nm)/CoPtCr-SiO2 (30 nm) films as 
a function of FeCoB film thickness. 
Fig.6 Δθ50 of Ru (002) and CoPtCr (002) of Si(2 
nm)/NiFe(10 nm)/FeCoB(x nm)/Ru(30 nm)/CoPtCr-
SiO2(30 nm) films and Si(2 nm)/NiFe(10 nm)/FeCoB(x 
nm)/ Si(5 nm)/NiFe(5 nm)/FeCoB(x nm)/Ru(30 
nm)/CoPtCr-SiO2(30 nm) films as a function of FeCoB 
film thickness. 
10 20 30
6
8
10
12
14
16
FeCoB film thickness [nm]
Δθ
 50
 o
f R
u 
an
d 
C
oP
tC
r(
00
2)
[d
eg
.]
laminated FeCoB SUL
CoPtCr(002)
Ru(002)
single FeCoB SUL
CoPtCr(002)
Ru(002)
S. Gomi et al. / Physics Procedia 16 (2011) 63–67 67
appeared in the low frequency region seemed to be originated from the domain configuration in the single layered FeCoB SUL, 
double layer configuration of FeCoB SUL is effective to reduce the low frequency noise caused by the domains. The thin film 
deposited on Aramid tape substrate with laminated FeCoB SUL of 10 nm was measured for read/write performance and it has the 
record density of 45 Gbit/inch2[6]. This leads to over 50 TB that exceeds highest recording capacity of 800 GB for LTO 
formatted tape media.  
 
4. Conclusion 
 Improvement of (110) orientation of FeCoB SUL causes better c-axis alignment of Ru IML and CoPtCr-SiO2 RL. In order to 
improve (110) orientation of FeCoB, Si/NiFe seed layer is effective to improve FeCo(110) texture to attain Ru(001) texture for 
perpendicular magnetic property. (001) orientation of the Ru intermediate layer was improved by using laminated FeCoB SUL. 
This leads the higher squareness ratio of the CoPtCr-SiO2 RL than that of the RL with single FeCoB SUL. Furthermore, 
squareness ratios keep constant value in spite of reduction of FeCoB film thickness. This leads to capability of noise reduction on 
tape substrate. CoPtCr-SiO2 granular media with the laminated FeCoB SUL fabricated on Aramid tape substrate achieved a 
record density of 45 Gbit/inch2. 
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Fig.7 Kerr hysteresis loops in perpendicular direction and 
of the Si(2 nm)/NiFe(10 nm)/FeCoB(50 nm)/Ru(30 
nm)/CoPtCr-SiO2(30 nm)/C(5 nm) and Si(2 nm)/NiFe(10 
nm)/FeCoB(25 nm)/ Si(5 nm)/NiFe(5 nm)/FeCoB(25 
nm)/Ru(30 nm)/CoPtCr-SiO2(30 nm)/C(5 nm) thin films 
fabricated on Aramid tape substrates. 
Fig.8 Noise spectra of the Si(2 nm)/NiFe(10 
nm)/FeCoB(50 nm)/Ru(30 nm)/CoPtCr-SiO2(30 
nm)/C(5 nm) and Si(2 nm)/NiFe(10 nm)/FeCoB(25 
nm)/ Si(5 nm)/NiFe(5 nm)/FeCoB(25 nm)/Ru(30 
nm)/CoPtCr-SiO2(30 nm)/C(5 nm) thin films fabricated 
on Aramid tape substrates. 
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